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Method of detecting bends on a road and system implementing 

same 

Field of the invention 

The invention concerns a method for detecting, from a vehicle, 
the bends on a road in order to pre-orient the illumination of 
the road by the vehicle headlights. The invention also 
concerns a system for implementing this method. 

The invention finds applications in the field of vehicles 
travelling on roads such as, for example, cars or heavy goods 
vehicles. It finds, in particular, applications in the field 
of the projection of light by such vehicles. 

Prior art 

Having regard to the large number of vehicles travelling on the 
roads, it is necessary to procure for these vehicles the best 
adapted lighting possible in order to reduce the risk of 
accidents. In particular at night, it is important for the 
driver to be able to have optimum vision of the road extending 
in front of him as well as of the sides of this road. In other 
words, for questions of safety, it is sought to improve the 
illumination of the road situated in front of the vehicle and 
thus to improve the vision of the road scene by the driver of 
the vehicle. This improvement is achieved in particular by an 
anticipation of the illumination of the road. 

At the present time, on the majority of cars, the vehicle 
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lighting beams are fixed. They therefore illuminate to the 
front of the vehicle. Because of this, on bends, the useful 
part of the road does not necessarily appear in the vehicle 
light beam. To resolve this problem, it is sought to orient 
the light emitted by the vehicle headlights according to the 
geometry of the road. In other words, it is sought for the 
headlights to "follow" the road, that is to say for them to 
illuminate straight in front of the vehicle when the road is 
straight and for them to illuminate in front of the vehicle to 
the right or left when the road forms a bend respectively to 
the right or left. 

For this purpose, a first technique consists of sending light 
on the sides of the road, that is to say on the edges of the 
road. This may be achieved by means of supplementary fixed 
headlights which are switched on only when a bend is detected. 
The intensity of the illumination is inversely proportional to 
the radius of the bend. Only the supplementary headlight 
internal to the bend is switched on. The control of the 
illumination comes from the steering wheel angle sensor. 

Another technique consists of making the main beam of the 
headlight movable by virtue of a motor which turns according to 
information coming from the vehicle. Lighting devices 
comprising such movable headlights are known. They enable the 
illumination to follow the road. In general, such devices use 
information available on the vehicle in order to determine the 
geometry of the road. Some of these devices include an angle 
sensor at the steering wheel which supplies information on the 
path followed by the vehicle. With such a device, the 
illumination of the road is a function only of the behaviour of 
the driver. For example, if the driver turns the vehicle 
steering wheel to the right, then the vehicle headlights are 
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directed to the right of the road, considering that it is a 
case of a bend to the right. If the driver does not move the 
steering wheel, the headlights illuminate straight in front of 
the vehicle. On the other hand, if the driver inopportunely 
gives an impulse to the steering wheel, for example by turning 
round for a moment or taking an object out of the glove box, 
the orientation of the headlights is modified whilst the 
geometry of the road is not modified. In addition, the 
information relating to the change in direction is picked up at 
the very time when the vehicle enters the curve of the bend. 
It is therefore supplied to the headlight motor with a moment 
of delay. Consequently the device exhibits a delay on the 
triggering of the lighting on the curve, which results for the 
driver in a sensation of tardy arrival of the light beam at the 
entry to the bend and by an excessively long return of the 
light beam into the axis of the vehicle on leaving the bend. 
This delay in the change in orientation of the headlights gives 
rise not only to a lack of comfort for the driver but also a 
lack of safety since there exists, at each change in 
orientation of the headlights, a moment during which the road 
is insufficiently lit. Such a device therefore offers no 
possibility of anticipation for the driver. However, on roads 
where there are many bends such as, for example, on mountain 
roads with successive bends, it is important to be able to 
anticipate so that the driver knows the geometry of the road a 
few metres in advance. 

Some other known lighting devices use information issuing from 
a navigation system. This navigation system associates the 
information supplied by cartography with the indications given 
by the vehicle GPS. Such a navigation system makes it possible 
to know the geometry of the road in advance. For example, it 
is possible to know in advance the bends which will appear on 
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the road at a given distance. It is therefore possible, by 
relying on the information supplied by the navigation system, 
to pre -orient the light beams of the vehicle and thus to 
anticipate the illumination of the road. Such devices are 
described in particular in the documents EP 780823 and EP 
887229. However, current cartography is still very imprecise. 
It very often happens that, at a given place, the information 
is absent. This is because there exist entire areas of the 
country and world which are not covered by the cartography 
databases. It also happens that the information supplied by 
the navigation system is aberrant. For example, if the driver 
has made provision to go to a place A which he has stored in 
his navigation system and finally, on route, has decided to go 
to a place B and not to follow the information given by the 
navigation system, then the information given by this 
navigation system is incoherent or even contradictory compared 
with the path actually being followed by the vehicle. In 
addition, such lighting devices require heavy and relatively 
expens ive means . 

There also exist lighting devices using a system of locating 
the white lines situated on the roads. This system generally 
uses a camera which takes images of the road seen unfolding in 
front of the vehicle. The contrast of the white lines on the 
dark road makes it possible to detect them easily and, 
according to this detection, to laterally orient the vehicle 
light beams. However, there are not always white lines on the 
road and these white lines, if they exist, may be erased or 
covered by any deposits, such as earth; they can therefore no 
longer be detected by the detection system. 
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The aim of the invention is precisely to remedy the drawbacks 
of the techniques disclosed above. To this end, the invention 
proposes a method for detecting the bends on a road with 
anticipation, using the contrast which there may be between the 
relatively dark road surface and the more luminous edges of the 
road. This method has the advantage of being able to 
implemented on any road, since any road comprises a surface and 
verges, or road edges. 

More precisely, the invention concerns a method of detecting 
from a vehicle a variation in path, in particular a bend or 
straight line, on a road comprising a surface and road edges, 
characterised in that it comprises the following operations: 

- taking an image of a road scene unfolding in front of the 
vehicle and at least partly illuminated by the vehicle, 

- determining, for each pixel in the image, a light decrease 
gradient , 

- analysing these decrease gradients and determining an image 
of the road edges, 

- mathematically discriminating the decrease gradients from the 
image of the road edges, 

- analysing this discrimination and determining the angle of 
the bend. 

The invention also concerns a system for implementing the above 
method. This system comprises a camera mounted in the vehicle, 
an image processing unit and a neural network. 
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Brief description of the figures 

Figure 1 depicts an example of an image of a road with a 
surface and road edges . 

Figure 2 depicts an image of the road edges obtained after 
processing of the image in Figure 1 . 

Figure 3 depicts the curves of the mathematical distributions 
obtained for the image in Figure 2 . 

Figures 4A, 4B and 4C depict the various steps of the method of 
the invention, in a first example of a bend. 

Figures 5A, 5B and 5C depict the various steps of the method of 
the invention, in an example of a road in a straight line. 

Figures 6A, 6B and 6C represent the various steps of the method 
of the invention, in a second example of a bend. 

Figure 7 depicts schematically the system of the invention. 

Detailed description of embodiments of the invention 

The invention concerns a method for detecting, from a vehicle, 
with an anticipation of around 30 metres, a bend on a road on 
which the vehicle is travelling. This method is based on the 
fact that all the roads on which a vehicle may travel comprise 
a surface and road edges, also referred to as the verges. The 
surface is generally dark, because of the bitumen or other 
materials covering it. Seen by the camera, the road edges are 
generally lighter, more luminous than the surface, because of 
the angle of reflection of the light issuing from the 
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headlights in the direction of the camera. The road edges may 
be grass, earth or pavements. Grass and earth are lighter than 
the covering of the road surface . The pavements may be stone 
or covered with a material, generally more luminous than the 
bitumen on the road surface. In some cases, the pavements are 
covered with bitumen; in this case, they have a border 
appearing lighter and indicating the limit between the pavement 
and the road surface. 

The method of the invention therefore proposes to use this 
contrast between the road edges and the road surface in order 
to determine the presence of a bend. It is based on the fact 
that, the road surface being dark, the light emitted by the 
light beams of the vehicle on the road surface have a tendency 
to decrease on moving away from the light source. In other 
words, the further away from the vehicle, the weaker the light 
on the road surface. On the contrary, on the more luminous 
road edges, the light emitted by the vehicle has a tendency to 
be reflected. In other words, the light does not decrease on 
moving away from the vehicle. There is thus a reversal of 
contrast between the light on the road surface and the light on 
the road edges. This reversal of contrast is used, in a first 
processing, to determine an image of the road edges. This 
image of the road edges is analysed in order to determine 
whether there is a bend and, if so, whether it is oriented to 
the left or to the right of the vehicle. 

The method of the invention will now be described in more 
detail with the help of several examples of roads on which a 
vehicle may be situated. 

Figure 1 shows a first example of a road. More precisely, 
Figure 1 shows an image of a road scene taken by a camera 
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installed in the vehicle. This image is a natural image of the 
road, that is to say an unprocessed image of the road scene 
unfolding in front of the vehicle. This image depicts a road 
with a bend to the left. This road comprises a road surface 1, 
a first road edge 2 situated to the left of the vehicle and a 
second road edge 3 to the right and front of the vehicle. Part 
of a broken white line 4, situated at the centre of the road 
surface 1, can also be seen on this natural image. 

The method of the invention comprises a first processing of 
this natural image which consists of determining the light 
gradient for each elementary surface of this natural image. 
For this purpose, the method of the invention proposes to 
analyse the light level of each pixel (or groups of pixels) in 
the image as well as the light level of the pixel (or groups of 
pixels) adjoining the pixel or pixels in question. Thus, 
considering for example two pixels adjacent to each other, it 
is possible to determine which of the two pixels receives the 
most light and thus to determine in which direction the light 
is varying. A light change vector or light gradient is then 
allocated to each pixel in the image. When all the vectors of 
all the pixels in the natural image have been determined, these 
vectors are analysed in order to determine an image of the road 
sides. This analysis consists of seeking, amongst all the 
vectors, those which are oriented in the direction of the 
vehicle, that is to say in the direction of the source of 
emission of the light beam of the vehicle and, on the other 
hand, those which are oriented in the opposite direction, that 
is to say towards the outside of the road. The vectors 
corresponding to a value and with a predetermined tolerance are 
then selected, this value being referred to as the threshold 
vector. The vectors different from this threshold vector are 
not taken into consideration for the rest of the processing. 
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On the other hand, the vectors corresponding to this threshold 
vector are stored for the remainder of the processing. 

The threshold vector is predefined. It may be chosen as a 
reference value with respect to the horizontal. It then forms 
a reference angle with respect to the horizontal. The 
threshold vector may also be chosen according to the pixel with 
the highest gradient, that is to say the pixel whose vector is 
the most oriented towards the vehicle. The threshold vector 
then forms a reference angle with respect to the pixel with the 
highest gradient . 

In other words, if first and second pixels situated side by 
side on the natural image in Figure 1 are considered, the 
vector of the first pixel forms an angle with the vector of the 
second pixel . This angle is compared with the reference angle 
formed by the threshold vector. For example, if the threshold 
vector forms an angle of 30° with respect to the horizontal, 
then all the pixels having a vector forming an angle different 
from 30°, with a chosen tolerance, are not taken into 
consideration for the rest of the method. 

The method of the invention consists then of constructing an 
image of the road sides using the information issuing from the 
analysis of the gradients of the pixels. This image of the 
road sides is determined by keeping the information supplied by 
all the pixels (or groups of pixels) whose vector is comparable 
to the threshold vector. More precisely, the value of these 
pixels, that is to say their level of grey, is reproduced 
identically in order to form a processed image. On the other 
hand, all the pixels whose vector is different from the 
threshold vector are not reproduced. These pixels are 
therefore replaced, on the processed image, by black pixels. 
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The image thus formed is the image of the road sides. 

An example of an image of the road sides is depicted in Figure 
2 . This image of the road sides in Figure 2 corresponds to the 
image in Figure 1 obtained after processing by contrast 
reversal. This image shows the black areas and grey areas. In 
fact, only the luminous areas in Figure 1 appear in this Figure 
2 , in contrast with the black areas corresponding to the dark 
parts of the natural image. In particular, the luminous areas 
of the image of the road sides correspond to the left-hand road 
side 2 and to the right-hand road side 3. One of the luminous 
areas corresponds to the dotted white line 4, in the middle of 
the dark area which corresponds to the road surface 1 . 

It is advantageous to eliminate the areas of the image which do 
not contain information pertinent to the analysis of the bends, 
by selecting the vectors situated in a horizontal window 
corresponding to a view of the road lying between 30 m and the 
horizon approximately. 

After obtaining the image of the road sides, the method of the 
invention then comprises a second processing. This processing 
consists of effecting a mathematical discrimination of the 
light gradients. This discrimination is effected using the 
image of the road sides, on the orientation of the vectors. 
Figure 3 depicts the curves obtained by such a mathematical 
discrimination, for the example of a road in Figures 1 and 2. 

In the method of the invention, the mathematical discrimination 
consists of calculating, for each frame of the image of the 
road sides, the number of pixels (or groups of pixels) whose 
vector is oriented from the left towards the centre and that 
where the number of pixels is oriented from the right towards 
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the centre. In other words, for each column of pixels in the 
image of the road sides, there are calculated firstly the 
number of pixels whose vector is oriented from the left towards 
the centre of the image and secondly the number of pixels whose 
vector is oriented from the right towards the centre of the 
image. This mathematical discrimination is therefore carried 
out according to the orientation of the vectors. 

In Figure 3, the curve CI represented by the dots corresponds 
to the number of pixels (or groups of pixels) having a decrease 
vector oriented from the left of the image towards the centre 
of the image. The curve C2 represented by crosses shows the 
number of pixels (or groups of pixels) having a decrease vector 
oriented from the right of the image towards the centre of the 
image . 

According to the distribution of the pixels in the image of the 
road sides, the existence or not of a bend and its direction 
are derived therefrom. In other words, the form of these 
curves CI and C2 makes it possible to deduce the existence and 
orientation of a bend on a road. It also makes it possible to 
deduce the angle of curvature . 

In the following examples, Figures 3, 4C, 5C # 6C present an X 
axis reversed with respect to that of the images 1, 2, 4A and 
4B, 5A and 5B and 6A and 6B. For example, in Figure 3, it can 
be seen that the number of luminous pixels is appreciably 
greater on the right of the image. It is deduced therefrom 
that the left-hand road side is more visible in the image than 
the right-hand road side. It is deduced therefrom that the 
road has a bend towards the left. Moreover, it can be seen 
that the curve C2 is non-existent on the left of the image and 
that it has a peak at the middle of the image; the curve CI is 
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relatively flat on the left of the image and non-existent on 
the right. From this statistical distribution of the pixels 
between the curve CI and the curve C2 , the angle of curvature 
of the bend is deduced therefrom. 

In the method of the invention, these discrimination curves CI 
and C2 are analysed by a neural network, or network of 
neurones, described below. 

Figures 4A, 4B and 4C depict the main steps of the method of 
the invention as have just been described, for another example 
of a bend. In particular, these figures depict respectively a 
natural image of a road scene, the image of the road sides 
obtained after a first processing and the discrimination curves 
obtained after a second processing. 

Figure 4A depicts a natural image of a road having a bend to 
the right . Figure 4B shows the image of the road sides 
obtained for the image in Figure 4A, after analysis of the 
contrast reversal . 

In this Figure 4B, only one processing window is shown which 
comprises the part of the image having the useful information. 
This processing window corresponds to an embodiment of the 
method of the invention in which it is chosen to process only 
the central part of the image, that is to say the part 
corresponding to the road scene situated between the horizon 
line and a distance of approximately 30 metres in front of the 
vehicle. In another embodiment of the invention, it is chosen 
to process all the image of the road scene. 

Figure 4C shows the discrimination curves CI and C2 obtained 
from the image of the road sides. The distribution of the 
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luminous pixels on the curves CI and C2 shows that the left- 
hand road side is the most present in the image. It is deduced 
therefrom that the road has a bend to the right. The 
proportion of pixels having a vector oriented in one direction 
or the other makes it possible to determine the angle of 
curvature of the bend. 

In a similar fashion to Figures 4A, 4B and 4C, Figures 5A, 5B 
and 5C as well as Figures 6A, 6B and 6C depict respectively the 
natural image of a road scene, the image of the road sides and 
the discrimination curves obtained during the method of the 
invention. Figures 5A, 5B and 5C concern an example of a 
straight road. Figures 6A, 6B and 6C concern an example of a 
bend to the left . 

Figure 5A shows a natural image of a road scene taken by the 
camera. This road scene is a straight road having a broken 
white line. Figure 5B shows the image of the road sides in 
Figure 5A # in a processing window. Figure 5C shows the 
mathematical discrimination curves CI and C2 obtained from 
Figure 5B. These curves CI and C2 have a distribution of 
luminous pixels substantially parallel to one another, without 
any prominence on one side of the image or the other. It is 
deduced therefrom that it is a case of a straight road, without 
a bend to the right or to the left . 

Figure 6 A shows a natural image of a road having a "tight" bend 
to the left . Figure 6B shows the image of the road sides 
relating to Figure 6A, in a processing window. Figure 6C shows 
the discrimination curves CI and C2 obtained from the image of 
the road sides in Figure 6B. The distribution of the luminous 
pixels on the curves CI and C2 shows that the road has a bend 
to the left. 
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The analysis of the curves in Figures 3, 4C, 5C and 6C is 
carried out by a neural network. This neural network is 
capable of determining, according to the distribution of the 
luminous pixels in the image and the silhouette of the curves 
CI and C2, whether there is a bend in the road and in which 
direction this bend is oriented. It is also capable of 
deducing the angle of curvature of this bend. 

Figure 7 shows schematically the system of implementing the 
method of the invention. This system comprises a camera 10 
mounted in the vehicle. This camera may be a camera provided 
initially for another function such as for example night 
vision. It may for example be an infrared camera. 

The system of the invention also comprises an image processing 
unit 2 0 installed in the vehicle. This image processing unit 
may for example be integrated in a microprocessor or in the on- 
board computer of the vehicle. It may also constitute a 
dedicated electronic card. This image processing unit 2 0 is 
connected to the output of the camera 10. This image 
processing unit effects the construction of the image of the 
road sides as well as the discrimination of the pixels in two 
curves CI and C2 . The system of the invention also comprises a 
neural network 21. This neural network may constitute a 
dedicated electronic card or a component of the DSP type 
inserted in the electronic circuit of the vehicle. This neural 
network can also be integrated in the image processing unit, as 
shown in Figure 7 . 

Whether or not it be integrated in the image processing unit, 
the neural network is connected to the headlight 3 0 of the 
vehicle and in particular to the motor providing the mobility 
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of the headlight reflector. The neural network thus controls 
the lateral orientation of the vehicle headlight according to 
the angle of curvature of the bend detected. Naturally the 
neural network may simultaneously control the orientation of 
both vehicle headlights. In this way it is possible to pre- 
orient the illumination of the road by the vehicle headlights. 

The vehicle headlight is a movable headlight, orientable 
laterally. This headlight 3 0 comprises a reflector 31 on which 
a light source is mounted providing the emission of a light 
beam in front of the vehicle. The reflector 31 is mounted on a 
movable support 33 rotated by a motor 34. This headlight 30 
can be a commercially available movable headlight. It may also 
be a pre-oriented fixed headlight whose intensity varies 
according to the angle of the bend, as mentioned at the start 
of the description. 

The neural network used in the system of the invention is of a 
conventional type. It is a neural network such as is found in 
various fields of electronics and data processing. In the 
application of the invention, that is to say the application to 
the detection of bends on a road, the neural network is 
capable, according to the proportion of curves CI and C2 with 
respect to each other, of determining whether there is a bend 
and in which direction this bend is oriented. It is also 
capable of deducing with precision the angle of curvature of 
the bend. However, like all neural networks, this network must 
be initialised, that is to say it must learn at the outset 
various geometries of bends as well as the correlation of these 
bends with the discrimination curves. In other words, the 
neural network must learn certain geometries of bends with the 
vector distribution which corresponds to it. Once this 
learning is carried out, the neural network is autonomous. It 
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will then self -learn at each new bend detected, that is to say- 
as the neural network analyses the different cases it learns 
these cases so as to be able to determine more rapidly and with 
even more precision the geometry of the bends which it will 
subsequently determine. 

The bend detection method which has just been described has the 
advantage of making it possible to determine the angle of 
curvature of the bend with relative precision. This precision 
is around 2°. It thus makes it possible to anticipate the 
entry to or exit from a bend by approximately 3 0 metres, with 
good precision. 

This method also has the advantage of being insensitive to 
other illuminations, such as lighting from passing vehicles or 
urban 1 ight ing . 

The method of the invention is designed solely for lateral 
orientation of vehicle headlights. However, when the chassis 
of the vehicle is not perfectly parallel to the road, that is 
to say when the attitude of the vehicle is not horizontal, the 
case of a vehicle leaning forwards when it is braking or which 
is leaning to the rear because of a badly distributed load in 
the vehicle, the method of the invention can be implemented by 
moving the processing window upwards or downwards, so that the 
part of the image processed corresponds to the road scene 
useful for the processing of a signal. This change may be 
effected by virtue of a signal issuing from the attitude 
correction system. 

In one embodiment of the invention, the system of the invention 
can choose not to take account of the information supplied by 
the neural network. In this case, a degraded control mode is 
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chosen which consists of taking as information that supplied by 
the sensor on the steering wheel . This degraded mode may be 
chosen, for example, in the case where the vehicle is situated 
on a very wide road, in a very large flat plain, or where there 
is little relief and no road sides detectable by the camera. 
It should be noted, however, that such roads are very rare in 
our regions . 

In a variant of the invention, the system comprises a flash 
which can be used at the exit from a bend so as to illuminate 
the road for a very short time, which makes it possible to know 
what will be the geometry of the road at more than 3 0 metres. 
Such a flash may be useful, for example, in areas with 
successive bends such as mountain roads . This system then 
affords anticipation appreciably greater than 30 metres. 



